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In  order  to  gain  additional  data  on  the  perforaanee  of  the 
lanaa  Botochute,  being  doreloped  under  Contract  lonr  901(00), 
taete  vere  conducted  on  full-aeale  12  foot  and  lh  foot  dlaaeter 
Ftotocbutea  in  the  United  Aircraft  Corporation  Qeaeral  Purpose  bind- 
Tunnel  during  the  period  of  29  February  throng  3  March  1956. 
fhle  report  deecrlbeo  the  teate  and  dleeueeee  the  teat 
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Tlx*'1  Made  ^itch  nn/*lr  op* rat  ion  to  determine  pornmar 
chann thrift tic*  requires  s-viriel  precautions  to  avoid  rotor  over¬ 
spending  In  the  critical  aty'le  rang*. 

A  governor  spring  with  a  spring  rate  of  1100  pounds  per  Inch 
and  a  reload  of  ^0  pounds  provides  sat  1 9 factory  governing  action 
with  the  12-foot  5E22242-U  blades. 

Shifts  In  tho  location  of  the  chordwise  renter  of  grnv it/  of 
the  blades  afferts  the  governor  action  in  thn  cam*  mniktr  ns  changes 
in  the  governor  spring  cc  tants.  A  forward  shift  in  the  center  of 
r*ravitv  corresponds  to  an  increase  in  preload  on  the  governor  spri  g. 

Tne  blade  •  tresses  during  thr  test  runs  were  considerably  lees 
than  the  ultimate  strength  of  thr*  blades  and  were  direct1/  yronortional 
to  r^*.or  speed. 

During  these  teats,  /owed  operation  with  ancles  of  yaw  up  to 
10  had  nr  appreciable  effect  'jp^r  blade  vibratory  3 tresses. 

Clearances  in  the  syn^hroni  ?f*r  linkages  allowed  the  cool  a*;  angle 
to  r  ,,  eoa  itc  for  tho  angle  of  yaw. 
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zizCRiPTtos  or  tist 
A.  Test  Model 


the  tilt  model  coni Is ted  of  s  standard  KHC-?  Rotor  Head 
Assembly  (KAC  lo,  St2?>47-l)  and  a  standard  fin  Assembly  (JCAC  Bo, 
SJC22 3^0-1)  mounted  on  a  hinged  tube  which  provided  a  oon  von  lent 
non  no  of  changing  the  yawed  attitude  of  the  rotor  head.  Figure! 

1  and  ?.  sho*  the  teat  unit  inti  tolled  In  the  wind  tunnel.  The  blcdee 
used  were  as  follows; 


Chordvioe  MCA  Rotor 


Serial  Hot.  KAC  lo. 

Haight 

Chord 

c.o. 

Airfoil 

Diameter 

UMl  SI22242-13 

63# 

14.5* 

4* 

0020 

14  ft. 

3A  *  38  3X22242-11 

42# 

14.0" 

44.5* 

0016 

12  ft.  ; 

54  *  5B  3X22242-11 

(aodin.d) 

63.5# 

14.0" 

8:1 

49.8* 

00J6 

12  ft.  ; 

Bladeo  1A  nod  IB  had  extra  layers  of  fiberglas  on  tho  up- 
wind  aide  in  order  to  provide  greater  resistance  to  compressive 
buckling. 

Blades  5A  and  5B  were  modified  by  the  addition  of  three  cavities 
made  up  of  aluminum  tubes  Imbedded  in  the  leading  edge,  middle ,  and 
trailing  edgo  cell  of  each  blade.  The  cbordwise  center  of  gravity 
was  shifted  by  the  Insertion  of  a  lead  rod  into  the  appropriate  cavity. 


i 

The  teat  mo.lel  was  centered  in  the  test  section  of  the 
United  Aircraft  General  Purpose  Subsonic  Kind-Tunnel.  This  test 
section  Is  of  octagonal  erose-sectlon,  18  feet  between  diametrically 

i 

op  *oslte  aides.  Three  3/8  inch  diameter  rod 

-** 

cod nr i ted  the  forward  mounting  structures,  o 


3 
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plan*  and  one  rod  to  the  con  ter  of  each  of  tbe  lovv  45°  panels; 
all  rods  being  30°  fros  the  losgltudlml  axle  of  the  tunnel  and  up* 
streaa  froa  the  toot  sod  el.  Theta  rode  were  attached  to  a  coboo 
thrust  lint  on  the  aoee  end  of  the  teet  nod  el  and  to  Individual 
panel  noun ting  brackets  on  the  test  section  vail*  .  Individual 
calibrated  links  and  turnbuckles  vere  incorporated  at  the  noun  ting 
brackets.  The  rsar  no until*  structure  was  similar  to  the  forward 
structure  with  the  rear  aountlng  rode  being  attached  forward  of  the 
bod/  hinge  In  a  plane  perpen4lcular  to  the  tunnel  wall*  The  entire 
e/etea  wa«  subjected  to  a  down- streaa  preload  <f  1500  pounds  through 
a  cable  stretched  betwem  the  ro  to  chute  fin  cm  ft  and  a  daaped 
walking  beaa  with  a  weight  pan  attached.  Vht  cable  can  be  seen 
In  figure  1  where  it  passee  over  a  suspended  pull  a/  and  down  through 
an  opening  la  the  floor  of  the  tunnel  to  the  walking  beaa* 


c,  1  w|  tniMTitt  t  inn 

The  following  quantities  were  aeasured; 

1*  Load  In  fixed  pitch  links 
2.  Coning  angle 
3*  Blade  pitch  angle 

4,  Blade  strain  -  root  station,  downwind  side 
5*  Blade  strain  -  root  station,  upwind  side 

6.  Blade  strain  -  1/3  span  station,  downwind  side 

7.  Blade  strain  -  1/3  span  station,  upwind  aids 

8.  Blade  strain  -  2/3  span  station,  downwind  tide 

9-  Blade  strain  -  2/3  span  station,  upwind  side 

10,  Mounting  link  strains 

11,  Thrust 

12,  Rotor  speed 

13,  Airspeed 

A  block  dlagraa  of  the  basic  lnstr 
figure  4, 
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D  »rf|  Procedure 

After  the  desired  teat  sod  el  court  tits  ti on  was  obtained* 
air  flow  la  the  tunnel  was  started  while  rotation  of  the  blades 
was  initiated  annually.  The  sir  flow  vas  then  increased  to  the  point 
where  n»:tornVj tion  vac  m Intel ned.  Dota  were  recorded  at  various 
airspeeds  up  to  the  maxims  tunnel  speed  obtainable  or  until  the 
rotor  reached  700  RAC*  whichever  occurred  first.  Tunnel  operation 
was  performed  by  United  Aircraft  personnel,  Hndel  conf Iguratloii 
changes  and  oscillographic  recording  of  data  was  performed  b y  Xaoan 
personnel.  Data  were  recorded  at  steady  state  conditions  of  air¬ 
flow  and  rotor  speod  and  also  at  various  vibration  aoden  and 
during  unusual  rotor  speed  surging, 

X,  *7  It  Program 

l1  he  test  program  consisted  of  four  parts: 

1,  Fixed  blade  pitch  operation  to  determine  blade  pitching  forces* 

2,  Spring  governor  operation  it  determine  spring  rate  and 
3prlng  preload  rejulrnd  for  desired  governing  action* 

i 

3*  Operation  with  various  chordvise  center  of  rravlty  locations 
to  determine  effoct  of  center  of  gravity  location  upon 
governing  action. 

4*  Tawed  attitude  operation  to  determine  effect  upon  vibratory 
hlade  stresses. 
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RESULTS  Of  TEST 

The  t o b t  results  nj  te  divided  lute  two  categories, 
operational  data  and  stress  data*  Each  of  these  will  be  described 
separately. 

1.  Operational  Ifcta 

a.  Hut  pUcL  Optra tlgB 

The  ro  to  chute  was  operated  with  fixed  blade  pitch  angle  in 
the  first  part  of  the  test  prof  ran.  7  he  data  obtained  froa  this 
code  of  operation  were  expected  to  provide  a  basis  for  selecting 
the  spring  constants  for  the  spring  governor.  However,  in  order  to 

1 

avoid  excessive  rotor  speed.  It  was  necessary  to  restrict  operation 
to  the  negative  pitch  angle  region. 

The  H*— foot  disaster  rotochute  (blades  1A  and  13)  was  operated 
with  the  blade  pitch  angle  fixed  at  -9°t  ~7°»  -5°.  and  -3°.  An 
attenpt  to  operate  the  rotochute  with  the  pit  oh  eagle  fixed  at 
-1°  resulted  la  an  abrupt  build-up  of  rotor  spaed  to  a  point  where 
a  blade  failure  occurred.  The  airspeed  required  to  initiate  auto- 
rotation  proved  to  be  too  high  for  safe  operation,  figure  h  contain 
plots  of  governor  link  laal,  thrust,  and  rotor  speed  versus  airspeed 
for  each  of  the  fixed  blade  pitch  angles. 

The  12-foot  disaster  rotochute  (blades  31  and  9)  was 
operated  with  the  blade  pitch  angle  fixed  at  -9°,  -7°,  and  -3°. 
figure  5  contains  plots  of  governor  link  load,  thrust,  and  rotor 
spsed  versus  airspeed. 

%.  Sir  la.  uoTTnor  Owtln. 

J 

i  for  th.  iraoBi  part  of  ti.  tut  jr. 
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rotocbute  vai  opera ted  with  a  spring  governor  in  place  of  the  fixed 

link  need  la  the  first  part  of  the  prcgrae.  The  purpoee  of  this 

part  of  the  pro^ran  vae  to  doteralne  the  opr  log  rate  and  spring 

preload  required  for  governed  rotor  speed. 

figure  6  contains  plots  of  thrust,  rotor  spesd.  coning 

angle,  and  blade  pitch  angle  versus  airspeed  for  three  spring 

configurations  with  blades  34  and  38,  The  eprlng  rate*  and  the 

corresponding  preloads  used  were  as  follows: 

1250  pounds  per  Inch  -  1260  pounds 
1220  pounds  per  inch  -  1100  pounds 
1100  pounds  per  Inch  -  550  pounds 

The  combination  of  1100  pounds  per  inch  spring  rate  with 
550  pounds  preload  was  the  only  one  which  pve  governed  operation 
with  these  blades  without  exceeding  the  established  Holt  BIN, 

The  effect  of  change  in  preload  upon  thrust,  rotor  spesd. 
coning  angle,  and  blade  pitch  angle  as  a  function  of  airspeed  Is 
shown  in  figure  7«  for  blades  54  and  58. 

a 

Tbs  effectiveness  of  string  spoilers  as  a  naans  of  governlig 
the  rotor  speed  is  shown  in  figure  B#  Blades  3*  and  3&  were 
operated  with  a  spring  governor  configuration  which  did  not  provide 
govsrnlng  at  airspeeds  bslow  85  f.p.s,  (1220  pounds  per  loch  spring 
rats  with  1100  pounds  preload)  and  string  spoilers  were  added  to  the 
leading  edges  of  the  blades.  The  rotor  speed  was  United  as  shown 
in  the  plot  of  rotor  speed  versus  airspeed  in  figure  8.  however  the 
thrust  developed  was  nuch  less  than  that  developed  by  a  sprlng- 
governed  ro  to  chute  (figure 

tHOlNCCKiNtl  *KPO*T  ...  .  . 
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In  order  to  Investigate  the  affect  of  bind*  chord  wise  center 
of  gravity  locution  upon  *j'v»rD^r  ^  r.tl :r.,  t  .*  12-fcot  rotr chute 
was  operated  with  blades  5*  an d  *>B  in  jmrt  fair  of  the  test  program, 
Tho  jo  blades  hr.ve  previsiDss  for  legating  the  center  of  gravity  at 
33*3**  and  ^5.0S»  of  the  chord  froc  the  leading  edge.  figure  9 

shows  the  off  icta  of  these  cantor  of  gravity  locations  upon  thrust, 
rotor  speed,  coning  angle,  and  blade  pitch  a^l*  aa  i  function  of  air-* 
speed. 


2.  Straw  Pate 

Stress  data  were  obtained  for  two  types  of  blades: 

a,  SI22242-13  blades 

figure  10  shows  the  blade  stresses  In  blade  a  1A  and  IB. 

Only  or.©  aeries  of  fixed  pitch  runs  was  made  before  these  blades 
failed. 

b.  ££22242-11  blades 

/igurra  11  itnd  12  show  the  blaie  stress  versus  rotor  speed 
for  th*  downwind  ami  tie  upwind  siles,  reaper: ively,  of  blades  Jk 
and  These  data  were  accumulated  from  both  fixed  pitch  operation 
and  spring  governor  operation  with  various  blade  pitch  angles, 
coning  angles,  airspeeds  and  yaw  angles.  The  only  parameter  showing 
a  direct  relationship  to  blade  stress  was  rotor  speed. 

The  bending  stresses  for  blades  3i  and  9  are  shown  In  figure  13, 
These  data  were  obtained  by  combining  that  froc  firures  11  aisl  12, 


fhO  KUtt  HO  GIHKHAL  Wl^OwT 


Bind*  vibratory  stra  arc  wrre  t^kiupM  dirln*:  ynved  •'ttitude 
operation  with  jmr  enrlea  of  5°  rad  10°*  Those  anasuroDentfl  showed 
no  Increase  In  stress  leva 7*  for  y?v«rl  npo  ration  aw  nr  nomal  operation, 
Duriv  the#"  nui***  howevrr,  tV  coni?-."  anrle  fluctuated  at  a  one-per- 
mToluticm  rate  with  nn  amplitude  n^rojdpn tely  o^ual  to  the  r.ngle 
of  /aw.  The  clearances  In  the  lynshronicer  HrJoigas  wore  fomxi  to  be 
grant  nncnigh  to  allow  sufficient  variation  la  the  conlv^  nn^le  to 
cancel  the  effects  of  the  yiw  angler:  u  ied  In  these  tojtfl* 
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DISCUSS  ICO  07  jilSULTS 

a.  Qauiuaaii  n»*» 
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Satisfactory  governing  action  was  obtained  with  a  governor 
spring  with  a  spring  rata  of  11CC  pounds  per  inch  and  a  preload  of 
550  pounds.  Operation  with  this  configuration  is  shown  in  figure  6. 

A  plot  of  rotor  speed*  blade  pitch  angle,  and  section  ai^le  of 
attack  at  the  blade  tip  Tarsus  airspeed  is  given  in  figure  1<*.  from 
this  plot  it  can  ba  seen  that  tne  characteristic  break  in  trie  rotv 
•poed  curve  occurs  at  an  angle  of  attack  of  14  to  18  degrees*  this 
angle  of  attach  Is  aporoxlma teljr  eijel  to  the  stall  point  for  the  air¬ 
foil  used*  therefore  It  follows  that  the  blades  are  operating  in  the 
stalled  region  of  their  characteristics  during  the  rel  <  reljr 
constant  rotor  speed  portion  of  the  rotor  speed  Tarsus  airspeed 
curve  for  spring  governor  operation. 

As  shown  in  figure  7,  the  level  of  tfre  rotor  speed  curve 
can  he  changed  b J  changing  the  amount  of  preload  applied  to  the 
governor  spring.  Hence,  the  maximum  rotor  s.  e*d  and  resultant 
thrust  at  spy  velocity  is  determined  by  the  governor  spring  preload. 

The  addition  of  string  spoilers  to  tne  leading  edges  of  the 
blades  resulted  in  governed  operation,  aa  shown  In  figure  3,  This 
also  indicates  that  the  blades  are  stalled  over  tht  flat  portion  of 
the  rotor  speed  versus  airspeed  curve,  Howew,  this  constitutes 
an  inefficient  method  of  governing  as  evidenced  by  the  such  lover 
thrust  shown  in  figure  8  compared  to  that  shown  In  figure  6. 

The  effect  of  the  location  of  tha  chordwlse  center  of  gravity 


upon  governor  operation  la  shown  In  figure 
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can tar  of  cavity  towards  the  K-  ling  0d£°  has  the  effect  of  Increasing 
the  preload  on  the  governor  i*rln£.  A  shift  In  the  canter  of  rravlty 
location  towards  the  trail lor  edrr  has  the  effec*  of  either  decreasing 
the  f  oreroor  spring  preload  or  decr-msing  the  spring  rate  of  the  spring. 

fired  pitch  operation  at  positive  blade  pitch  anglr®  cculd  not 
be  cl  'allied  b mw  cf  the  difficulty  of  inUltlng  s-itoretntion  at  lew 
enough  airspeeds  to  avoid  oxce^nire  rotcr  speed. 

B*  Strftffg 

The  stress  data  obtained  (Tlgurec  11  and  1-J  Indicate  t!i% t 
the  ll,de  stresses  are  due  primarily  to  centrifugal  forces.  Biace 

i 

they  ere  proper tiona]  to  rotor  ipeed  and  are  relatively  insensitive 

) 

to  variations  In  other  parnneters. 

The  bending  In  the  blades  is  shown  in  figure  l‘>.  This  shows 
that  t r.p  blades  bend  rpwlnd  at  the  root  station  end  downwind  at  the 
rutl  o»*rd  stations. 

Previc  -s  tests  on  sc=p?es  of  fib-rflae  similar  to  that  rsed 
in  tnere  blades  haw  shown  the  r.itirate  strength  to  be  approximately 
*P,(XO  to  70,000  psi  in  t^rrlc-*  "'hr  -erirxr  trnsicr  f trear  measured 
In  imV,,p  tortr  {?f  %(-CC  f  r  tbe  lh-foot  dinrettT  hi?  *rr.,  figure  1(^ 

'•nd  7?,B00  for  the  17-font  dianrter  blades,  figura  12)  are  well 
b^lcw  th r  ultlr.atn  strength. 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 

IN  REPLY  REFER  TO 

9/09/16 


MEMORANDUM  FOR:  AFRL  TECH  LIBRARY 

SUBJECT:  Systematic  Document  Review  IAW  Executive  Order  13526. 

1 .  (U)  In  accordance  with  reference  (a),  a  systematic  declassification  review  has  been 
conducted  per  reference  (b)  on  enclosure  (1).  A  determination  has  been  made  that  the 
material  contained  in  enclosure  (1),  under  Office  of  Naval  Research  (ONR)  Original 
Classification  Authority  (OCA)  can  be  declassified  and  is  no  longer  classified 
"CONFIDENTIAL:  “Low  Speed  Wind  Tunnel  Test  of  a  12  Foot  and  14  Foot  Diameter 
Rotor  Chutes”;  Accession  Number:  AD0135645,  dated  22  January  1957. 

2.  (U).  As  a  course  of  action,  the  requestor  and  or  recipient  of  enclosure  (1)  has  the 
responsibility  to  mark  the  entire  document  "unclassified"  by  lining  through  the  old 
classification  markings  on  both  top  and  bottom  of  the  page(s). 

3.  (U)  Any  questions  contact,  Mr.  Andre  Ewing  (ONR  43)  Office  of  Naval  Research 
(ONR)  at  (703)  588-2266. 
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